The costs of singing in birds are poorly understood. One potential type of cost is a metabolic cost of singing. Previous studies have measured short-term changes in oxygen consumption associated with bouts of vocalizations, with equivocal results. In this study, I used an alternative approach to measuring the metabolic cost of singing, by measuring overnight loss of body mass, in male common nightingales, Luscinia megarhynchos, singing at night at different rates. Nightingales were shown not to forage at night. They reached a higher mass at dusk prior to singing more at night, and lost more mass overnight when dusk mass and overnight song rate were high. These results show that singing at night is associated with increased overnight consumption of body reserves, which represents a significant metabolic cost of singing at night. However, the correlation between dusk mass and overnight song rate makes it impossible to determine whether these costs arise from the energetic costs of the singing itself, or from the metabolic costs of the additional body reserves laid down at dusk on nights when song rate was high. There are also likely to be costs associated with accumulating and carrying these extra body reserves during daylight, as well as other potential costs of singing such as an increased risk of predation. These results are consistent with those models of signalling in biology that predict or assume that honest signals are costly.
The costs of singing in birds are poorly understood. One potential type of cost is a metabolic cost of singing. Previous studies have measured short-term changes in oxygen consumption associated with bouts of vocalizations, with equivocal results. In this study, I used an alternative approach to measuring the metabolic cost of singing, by measuring overnight loss of body mass, in male common nightingales, Luscinia megarhynchos, singing at night at different rates. Nightingales were shown not to forage at night. They reached a higher mass at dusk prior to singing more at night, and lost more mass overnight when dusk mass and overnight song rate were high. These results show that singing at night is associated with increased overnight consumption of body reserves, which represents a significant metabolic cost of singing at night. However, the correlation between dusk mass and overnight song rate makes it impossible to determine whether these costs arise from the energetic costs of the singing itself, or from the metabolic costs of the additional body reserves laid down at dusk on nights when song rate was high. There are also likely to be costs associated with accumulating and carrying these extra body reserves during daylight, as well as other potential costs of singing such as an increased risk of predation. These results are consistent with those models of signalling in biology that predict or assume that honest signals are costly. Most models of signalling in biology predict that animal signals will be costly if they are honest signals of the animal's quality (Zahavi 1975; Clutton-Brock & Albon 1979; Grafen 1990a, b; Godfray 1991) , although some models show that honest signals need not be costly in some circumstances (Maynard Smith 1994; Silk et al. 2000) . That signals are costly is also a central assumption of theoretical models of daily routines of signalling (Houston & McNamara 1987; McNamara et al. 1987; Hutchinson et al. 1993; Hutchinson & McNamara 2000) . The complex songs of birds such as the common nightingale, Luscinia megarhynchos, are familiar examples of animal signals, but the costs of singing are poorly understood.
Discussions of the cost of singing in birds have generally focused on energetic costs, but other types of cost may be important. For example, by singing a bird may forfeit time that could otherwise be spent on other important behaviours such as foraging (East 1982; GreigSmith 1983; Wright & Cotton 1994) or resting. Singing may also advertise an individual's location to rival conspecifics or predators (Trail 1987; Yasukawa 1989) , and impair its own ability to detect them approaching. There may also be costly social consequences of singing, such as escalating conflicts with rival males (Lack 1943; Rohwer & Rohwer 1978; Møller 1987) .
The metabolic costs of acoustic communication in frogs and insects are high, associated with increases in oxygen consumption of 5-30 times the resting rate (McNally & Young 1981; Prestwich & Walker 1981; Ryan 1988; Prestwich et al. 1989; Prestwich 1994) . However, direct empirical evidence for a high metabolic cost of singing in birds is equivocal. It is sometimes implicitly assumed that bird vocalizations must be energetically expensive, because they often appear to involve considerable effort (Chappell et al. 1995) . Bird vocalizations require muscular activity in the respiratory system, as well as neural activity in the song centres of the brain (Gil & Gahr 2002) , and the important question is whether this contributes to a significant proportion of the bird's overall energy budget.
Eberhardt (1994) measured the oxygen consumption of four captive Carolina wrens, Thryothorus ludovicianus, and found increases in energy consumption during singing of 2.7-8.7 times the resting metabolic rate. However, the interpretation of this result has been the subject of debate (Chappell et al. 1995; Horn et al. 1995; Eberhardt 1996; Gaunt et al. 1996) which has highlighted the following limitations.
(1) The apparatus and methodology used were not well suited to the accurate measurement of brief metabolic events such as the short singing bouts of the 
